INTRODUCTION
============

Nasopharyngeal carcinoma (NPC) is one of the most prevalent forms of cancer in Southern Asia, though is rare in other part of the world ([@b20-molcell-37-9-699]). Cisplatin (CDDP) is one of the most effective and widely used anticancer drugsagainst various human cancers including NPC ([@b16-molcell-37-9-699]). However, CDDP resistance usuallydevelops during NPC therapy and becomes a major obstacle for the effective treatment of NPC ([@b10-molcell-37-9-699]).

The cancer stem cell theory has been well accepted to explain the tumor heterogeneity and thecarcinogenesis process. The cancer stem cells (CSCs) are cellswithin a tumor that possess the capacity to self-renew and differentiate into the heterogeneous lineages of cancer cells that comprisethe whole tumor([@b18-molcell-37-9-699]). Increasing studiesshowed thatdrug-resistant cancercells display a stem-like signature([@b3-molcell-37-9-699]; [@b22-molcell-37-9-699]).

Increasing evidence has indicated that the humanmetastasis-associated gene 1 (MTA1) is a key factor in tumormetastasis([@b15-molcell-37-9-699]). The MTA1protein has been found in the nucleosome remodelinghistone deacetylase (NuRD) complex, which has been shown tomodify or remodel chromosomes([@b24-molcell-37-9-699]). As an important regulator of cell fate with a role in theoncogenesis and progression of many malignant tumors, MTA1has attracted widespread attention([@b5-molcell-37-9-699]; [@b7-molcell-37-9-699]). Despite the intensive study on MTA1, the role of MTA1 in CDDP resistance has not been investigated.

MATERIALS AND METHODS
=====================

Cell lines andreagents
----------------------

CNE1 cell line was maintained in RPMI-1640 medium containing 10% FBS, 2 mM glutamine and 10 mM HEPES at 37°C and 5% CO~2~. CNE1/CDDP cell line was developed by continuous exposure toCDDP starting at 0.1 μmol and increasing in a stepwise manner to 10 μmol. CDDP, LY294002 (PI3K inhibitor) and Hoechst 33342 were purchased from Sigma (USA). The MTA1, p-Akt, AKT primary antibodies and horseradish peroxidase (HRP)-labeledanti-rabbit secondary antibody were purchased from Cell Signaling Technology (USA).

MTT assay
---------

The MTT assay was carried out according to previous study ([@b8-molcell-37-9-699]).

Tumorsphere culture and serial passageassay
-------------------------------------------

Tumor sphere culture was performed as described previously([@b18-molcell-37-9-699]). Single cells were plated in Ultra Low Attachment plates (Corning) in serum-free DMEM-F12 supplemented with 10 ng/ml bFGF, 10 ng/ml EGF, and B27 (all from Invitrogen). In these conditions cells grew as suspension spherical clusters. The serial diluted sphere formingassay was performed as previously described ([@b9-molcell-37-9-699]).

Flow cytometry analysis
-----------------------

The following antibodies were used for flow cytometry analysis:SOX2-PE (R&D Systems) and Nanog-PE (R&D Systems). The analysis for SOX2 and Nanog expression in NPC CSCs was carried out as previouslydescribedwith the addition of SOX2-PE or Nanog-PE ([@b21-molcell-37-9-699]).

Lentivirus production and transduction
--------------------------------------

shRNA lentiviral particles (sh-MTA1ôsh-Ctrl) were from GeneChem (China). MTA1 overexpression lentiviral particles were purchased from purchased from GeneCopoeia, Inc. Cellswere incubated with the lentiviral particlesin presence of hexadimethrine bromide(8μg/ml). Transduced cells were selected in puromycincontaining media.

Western blotting
----------------

Total cell lysates were separatedby SDS/PAGEand transferred to PVDF membrane.The blotted membrane was then blocked with 3% BSA for 1 h at roomtemperature and incubated overnightat 4°C with primary antibodies as follows: MTA1, p-Akt and AKT. Membranes were probed withhorseradish peroxidase (HRP)-labeled anti-rabbit secondary antibody. The bolted membrane was detected by enhancedchemiluminescence detection kit (ECL) (Amersham, UK).

Real-time reverse transcription-polymerase chainreaction (qPCR) analysis
------------------------------------------------------------------------

Total RNA was extracted from the cellsusing Trizol plus kit (TaKaRa, Japan). The isolated RNA was used for cDNA synthesis using reverse transcription reaction with Superscript II RNaseH Reverse Transcriptase (Invitrogen) and random hexamers (Promega). Real-time PCR was performed using aStratagene Mx3000 Real-Time PCR System and Brilliant SYBR Green QPCR Master Mix (Stratagene). The primers were following: ABCG2,5′-agctccgatggattgccag-3′ (forward) and 5′-gagggttcccga gcaagttt-3′ (reverse); SOX2, 5′-atggagaaaacccggtacgc-3′ (forward) and5′-ttttgcgtgagtgtggatgg-3′ (reverse);Nanog,5′-ggacac tggctgaatccttcc-3′ (forward) and 5′-tcccatgcattcaaactgagg-3′ (reverse).

Xenograft studies
-----------------

A total of 2 × 10^3^ CNE1/CDDP-sh-Ctrl or CNE1/CDDP-sh-MTA1 cells were subcutaneously inoculated into the back of nude mice. When established tumours of approximately 10 mmin diameter were detected, mice wererandomised into four groups. The mice were treated with CDDP (5 mg/kg, two times/week, i.p.) or DMSO. Tumor volumes were measured every week and calculated with the formula: (mm^3^) = (L × W^2^) × 0.5. The tumor growth-inhibitory effects were examined for about 4 weeks.

Statistical analysis
--------------------

The Student's *t*-test was used to evaluate the statistical significance of the results. All P values represent two-sided tests of statistical significance. All analyses were performed with the SPSS 13.0 software package. P \< 0.05 was considered statistically significant.

RESULTS
=======

CDDP resistance in CNE1/CDDP cells correlates with CSCs property
----------------------------------------------------------------

We first established a CDDP-resistant NPC cell line-CNE1/CDDP by continuous exposure to CDDP startingat 0.1 μmol and increasing in a stepwise manner to 10 μmol. We found that established CNE1/CDDP cells were resistant to CDDP, when compared with the parental CNE1 cells ([Fig. 1A](#f1-molcell-37-9-699){ref-type="fig"}). The serial diluted sphere formingassay showed that self-renewal ability of CNE1/CDDP cells was much stronger than that of the CNE1 cells ([Fig. 1B](#f1-molcell-37-9-699){ref-type="fig"}). The SOX2- and Nanog-positive cellpopulationswere also substantially elevated in CNE1/CDDP cells when compared with those in CNE1 cells, as determined by the flow cytometry analysis ([Fig. 1C](#f1-molcell-37-9-699){ref-type="fig"}). These results indicate that CDDP resistance development correlates CSCs phenotype in NPC cells.

MTA1 promotes CSCs phenotype and CDDP insensitivity in NPC cells
----------------------------------------------------------------

To explore the effect of MTA1 on CDDP resistance in NPC cells, we first compared the expression levels of MTA1 in CNE1 cells with those in CNE1/CDDP cells at both mRNA and protein levels. We found that both the mRNA and protein levels of MTA1 in CNE1/CDDP cells were significantly higherthan those in their parental cells ([Fig. 2A](#f2-molcell-37-9-699){ref-type="fig"}). These results suggest a potential role of MTA1 in CDDP resistance development.

To confirm the role of MTA1 in CDDP resistance in NPC cells, we used the specific stable MTA1 shRNA to inhibit MTA1 expression in CNE1/CDDP cells. [Figure 2B](#f2-molcell-37-9-699){ref-type="fig"} showed that knockdown of MTA1 in CNE1/CDDP cellsovercome CDDP resistance. Meanwhile, knockdown of MTA1 expression reduced the self-renewal ability andSOX2- and Nanog-positive cellpopulations in CNE1/CDDP cells, respectively ([Figs. 2C and 2D](#f2-molcell-37-9-699){ref-type="fig"}). Collectively, these data indicate that MTA1 overexpression induces CDDP resistance in NPC cells probably through promotion of cancer stem-like phenotype.

PI3K/Akt signaling is required for the cancer stem cell-promoting effect of MTA1 overexpression
-----------------------------------------------------------------------------------------------

To explore the mechanism underlying MTA1 overexpression-induced cancer stem-like phenotype and CDDP resistance in CNE1 cells, the PI3K/Akt pathway inhibitor LY294002 was used. We found that MTA1 overexpression decreased CDDP efficacy, accompanied byincreased self-renewal ability and increased SOX2- and Nanog-positive cell populationsin CNE1 cells. However, these effects were reversed or blocked by additional LY294002 treatment after 48-hincubation (Figs. [3A](#f3-molcell-37-9-699){ref-type="fig"}-[3C](#f3-molcell-37-9-699){ref-type="fig"}, respectively).Furthermore, [Fig. 3D](#f3-molcell-37-9-699){ref-type="fig"} showed that MTA1 overexpression could significantly stimulate PI3K/Akt signaling as expressed by enhanced levels of p-Akt in CNE1 cells. Combined with that Akt activity in CNE1/CDDP cells was much higher than that in CNE1 cells ([Fig. 3E](#f3-molcell-37-9-699){ref-type="fig"}), the above data indicate that MTA1 overexpression induces CSCs phenotype and CDDP resistance via PI3K/Akt-dependent pathway in CNE1 cells.

MTA1 knockdown inhibites NPC tumorigenesis and increases CDDP sensitivity in CNE1/CDDP xenografttumor-harbored nude mice
------------------------------------------------------------------------------------------------------------------------

To determine the effect of MTA1 expression on CDDP sensitivity *in vivo*, CNE1/CDDP sh-MTA1 and CNE1/CDDP cells were subcutaneously inoculated into the nude mice. After the xenografts in each groupreached the same size (around 10 mm in diameter), the mice were treated with CDDP (5 mg/kg, two times/week, i.p.) or DMSO. We found that both the growth rate and size of the xenografts derived from CNE1/CDDP sh-MTA1 cells were much smaller than that from sh-Ctrl treated cells after receiving the same doses of CDDP or CNE1/CDDP sh-MTA1 cells treated with DMSO ([Figs. 4A and 4B](#f4-molcell-37-9-699){ref-type="fig"}). These results indicated that knockdown of MTA1 could sensitize tumors to CDDP.

DISCUSSION
==========

CSCs have been shown to play an important role in the development of chemoresistance in cancer therapy.Resistance of cancer cells to CDDP was shown to be related to cancer stem cell properties ([@b1-molcell-37-9-699]; [@b17-molcell-37-9-699]). Consistent with the above findings, the present study found that in the established CNE1/CDDP cell line, CDDP resistance correlates with changes in cellular phenotypes and moleclular markers consistent with CSCs.

Growing evidences have shown the close correlation of MTA1 and cancer malignant progression([@b13-molcell-37-9-699]; [@b19-molcell-37-9-699]). Nevertheless, the role of MTA1 in CDDP resistant and CSCs has not been fully explored before. In the present study, we found that CNE1/CDDP cells expressed higher level of MTA1 than CNE1 cells. Knockdown of MTA1 in CNE1/CDDP cells overcome CDDP resistance, consistent with reduced CSCs properties. It was reported that selective down-regulation of MTA1 in breast cancer cells increased PTEN expression and inhibited stimulation of the PI3K/AKT signaling ([@b14-molcell-37-9-699]). In addition, MTA1 may lead to increased stabilization of β-catenin and stimulation of Wnt1 target genes in the murine mammary epithelial and humanbreast cancer cells ([@b6-molcell-37-9-699]). It is well known that the activated AKT signaling pathway play significant role in CDDP resistance ([@b23-molcell-37-9-699]). We recently found that AKT/β-catenin signaling played significant role in regulating CSCs in NPC ([@b11-molcell-37-9-699]). We then asked whether MTA1 regulated CDDP resistance through modulating the AKT activity. In our study, after inhibition of PI3K/Akt by LY294002, ectopic overexpression of MTA1-induced CSCs properties and CDDP resistance were reversed in CNE1 cells. In addition, MTA1 expression and Akt activity in CNE1/CDDP cells was much higher than that in CNE1 cells. These results indicate that MTA1 induce CSCs and CDDP resistance dependent on PI3K/Akt pathway. The possible upstream signaling pathways that upregulates MTA1 expression in CNE1/CDDP cells may be complicated. Recently, the Nuclear Factor-kappa B (NF-κB) signaling pathway has been identified as a key player in CDDP- resistance mechanisms ([@b12-molcell-37-9-699]).The CDDP-resistant cells show increased expression of NF-κB, compared to their matched cisplatin sensitive parent, implicating NF-κB as a potential mediator of acquired cisplatin resistance ([@b4-molcell-37-9-699]). Previously, it is demonstrated that MTA1 is a directtarget of the NF-κB signaling pathway ([@b2-molcell-37-9-699]). We speculated that the NF-κB signaling pathway may mediate the induction of MTA1 in CDDP-resistant NPC cells.

It is interesting that whether MTA1 is specific for resistance to CDDP or other chemotherapeutic drugs, such as doxorubicin (DOX)or cyclophosphamide (CTX). In the present study, we found that there was no significant difference between CNE1 and MTA1-overexpressing CNE1 cells in DOX or CTX resistance (data not shown). These results suggest that MTA1 may be specific for resistance to CDDP in NPC cells. It will be important to determine whether our findings are widespread in various cancer cells.

In summary, our study indicate that MTA1 confers CDDP resistance in NPC cells probably via PI3K/Akt pathway-dependent CSCs. MTA1 may be a potential target for overcoming CDDP resistance in NPC therapy.
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![(A) Compared with the parental CNE1 cells, CNE1/CDDP cells were resistant to CDDP. (B) The diluted sphere forming assay showed that the self-renewal ability was significantly higher in CNE1/CDDP cells than that in their parental CNE1 cells. (C) The FACS analysis showed that SOX2- and Nanog-positive cell populations were higher in CNE1/CDDP cells than that in their parental CNE1 cells.](molcell-37-9-699f1){#f1-molcell-37-9-699}

![(A) Both the mRNA and protein levels of MTA1 in CNE1/CDDP cells were significantly higher than those in their parental cells. (B) Knockdown of MTA1 in CNE1/CDDP cells overcome CDDP resistance. (C) Knockdown of MTA1 expression reduced the self-renewal ability of CNE1/CDDP cells. (D) Knockdown of MTA1 reduced the SOX2- and Nanog-positive cell populations in CNE1/CDDP cells.](molcell-37-9-699f2){#f2-molcell-37-9-699}

![(A--C) MTA1 overexpression decreased CDDP efficacy, accompanied by increased self-renewal ability and increased SOX2- and Nanog-positive cell populations CNE1 cells. However, these effects were reversed or blocked by additional LY294002 treatment after 48-h incubation. (D) MTA1 overexpression could significantly stimulate PI3K/Akt signaling. (E) Akt activity in CNE1/CDDP cells was much higher than that in CNE1 cells.](molcell-37-9-699f3){#f3-molcell-37-9-699}

![MTA1 knockdown inhibites NPC tumorigenesis and increases CDDP sensitivity in CNE1/CDDP xenograft tumor-harbored nude mice. (A) The tumor growth rate was inhibited when MTA1 was knocked down, especially combined the use of CDDP. (B) The size of the xenografts derived from CNE1/CDDP sh-MTA1 cells were much smaller than that from sh-Ctrl treated cells after receiving the same doses of CDDP or CNE1/CDDP sh-MTA1 cells treated with DMSO.](molcell-37-9-699f4){#f4-molcell-37-9-699}
